The objective of this work is to study numerically the natural convection and thermosolutal in a rectangular cavity filled with a porous medium saturated by an incompressible Newtonian fluid. The porosity is considered variable along the vertical axis and expression of the permeability is given as a function of porosity. The horizontal walls are subjected to temperature and concentration constant gradients and the vertical walls are adiabatic and impermeable. The flow is assumed laminar and non-permanent. The Boussinesq approximation is adopted. The thermo-physical properties of the fluid are considered constants except the density which varies linearly with the temperature and concentration. The mathematical model used is that of DarcyBrinkman. The equations of continuity, and momentum, and energy and mass are solved numerically using the Rung-Kutta method. The study was focused on influence Prandtl number, and Darcy number, and Rayleigh number on the flow behavior. The results are in perfect agreement with results obtained by other authors working in the same field.
I. Introduction
The study of the phenomenon of the natural convection is fundamental for the comprehension of the interactions fluid -energy. Many researches were undertaken on the modeling of the phenomenon of the diffusive double convection. Recently, a synthesis of carried out work is presented in the work of Nield and Bejan [1] for the porous environments. The phenomenon of the double diffusion which occurs in the porous environments has an impact on the industrial fields, such as the solar ponds, the tanks for the storage of natural gas and of radioactive waste, the manufacturing of the crystal, the transport of pollutants in the ground, oil recovery, and the geothermic exploitation, etc. This topic was undertaken by Nield [2] , about ten year ago. The author studied the stability of a horizontal porous layer heated and salted by bottom, and by using the analysis of linear stability. It determined the values of the critical numbers of Rayleigh characterizing the beginning of the stationary convection for various boundary conditions. An analysis of scale by Khair and Bejan [3] , made it possible to identify four possible modes of convection thermo-solutale according to the values of the forces of volume N and the number of Lewis Le, for a vertical plate filled by a porous environment saturated by fluid. Nithiarasu and al. [4] developed a generalized model simulating the whole range of the flow of Darcy in porous environment until the case of the fluid. The obtained results show an increase in the rates of transfer of heat and mass with the number of Darcy. The influence of the power struggle of volume, amongst Rayleigh, Biot and Darcy on the transfer of heat and the mass was discussed in another work of Nithiarasu and al. [5] . They found that the number of Sherwood becomes constant as the number of Biot increases. The convection with amplitude finished in a porous square cavity, subjected has uniform horizontal flows of heat and of mass was studied by Mamou and al. [6] . These authors showed that for the same combination of the parameters, the phenomenon can have several solutions when the thermal forces and mass are opposed and of the same order of magnitude. These solutions depend amongst thermal Rayleigh and Lewis. Recently, studies theoretical and digital of the phenomenon of the diffusive double convection are carried out by Sammouda [7] . The author considered a cylindrical cavity filled by a porous environment and saturated by a Newtonian fluid. The thermo-physical properties are constant, except for the density which varies linearly with the temperature according to the approximation of Boussinesq. The side wall of the enclosure is supposed to be rigid, impermeable and adiabatic. The horizontal walls are maintained at constant temperatures and concentrations. The porosity of the medium is considered variable; this variation is described by an exponential empirical law according to the ray of the enclosure. The objective of this article is to study the effect of these parameters on the natural convection and thermo-solutale in the porous environments not having any thermal anisotropy. The model considered is that of Darcy-Brinkman which is adapted more to study the strictly permeable mediums. Initially, we present the description of the physical model as well as the conservation equations which govern 8944
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the phenomenon. In a last part, the digital procedure is briefly pointed out and then the digital simulations for broad ranges of parameters are presented are analyzed.
II. Geometry and mathematical model
The geometric configuration of the flow is considered rectangular of height H, width L illustrated in Figure 1 . This cavity is filled with a porous medium isotropic saturated by a Newtonian and incompressible fluid. The basics lower and upper of the cavity are maintained at temperatures and concentrations constant and uniform, respectively (TC, TF) and (Cinf , Csup). The side walls are rigid and impermeable. The effects Crusaders Soret and Dufour on the diffusion of heat and mass are neglected. The thermo-physical properties of the fluid are assumed to be constant except the density which is taken in account in the volume forces term. This density is considered variable linearly with the temperature and concentration at the first order Taylor development [8] :
 are respectively the mass and thermal expansion coefficients given by:
Figure 1: Geometry of the cavity considered Given the preliminary hypotheses and assuming the validity of the formulation of Darcy-Brinkman, The conservation equations of mass, momentum, energy, and chemical species describing the phenomenon in the cavity can be written in the dimensionless form as follows:
The movement equation written in vector form:
The variation of the porosity is represented using an exponential law and can be written as follows:
Permeability is given as: 
In two-dimensional flows, it is more common to use the formulation vorticitystream function therefore the momentum equation can be written in the form: 
We introduce the non-dimensional following variables:
The obtained equations after introduction of these variables while omitting the index * are written:
The components of the velocity and vorticity are written as:
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The boundary conditions can be written in dimensionless form as follows:
Effect of Prandtl number
One considers a rectangular cavity filled by a porous matrix with variable porosity saturated by a Newtonian fluid convectant with number of Rayleigh equal to 5.104. The number of Darcy taken is 0.1 and the number of Lewis Le =1; the thermal report of conductivity N is taken equal to 1. The enclosure is heated by bottom. The effect amongst Prandtl is considerable that is for contours of convection and on the intensity axial and horizontal speed. Indeed, for a number of Prandtl of (Pr=6), the convection appears by two rollers and axial speed is less important. When one decreases the number of Prandtl (Pr=4), one notes that the form of left contour to increase in the same way for speeds. It is noticed, in addition, that when the number of Prandtl (Pr=2), the left roller becomes very large and axial and horizontal speed become more important. 
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Effect of Darcy number
The effect amongst Darcy is illustrated in the following figures which have the function of current and speeds axial and horizontal with Pr=3 Ra=5.10 4 ; Le=1; N=1. For a number of small Darcy (Da=10 -3 ), the function of current appears by two rollers and axial and horizontal speed are low. It is noted that an increase amongst Darcy (Da=10 -2 ), leads to a weakening of the roller of left and to a big raise two speeds. By increasing further the number by Darcy (Da=10 -1 ), one notes that the roller on the left side weakens more and speeds axial and horizontal become increasingly intense. This result can be explained by the fact that an increase amongst Darcy can be comparable with an increase in the permeability, and thus more freedom for the convectant fluid, from where an intensification of the flow, when the speed of the particles increases. Axial velocity Horizontal velocity
Effect of Rayleigh
To demonstrate the effect of Rayleigh number on natural convection, we consider a rectangular cavity. The numbers of Darcy, Prandtl, Lewis and carry forward forces driven are respectively Da = 0.1 Pr = 3; Le = 1; N = 1, for different numbers of Rayleigh. The hand parameter that governs the natural heat flow is the Rayleigh number. It represents the effect of the ratio of buoyancy forces (Archimedes forces) relative to viscous forces, and is proportional to the applied temperature gradient. Rayleigh causes an increase in the intensity of the flow and speeds. This growth is due to the increase in the differences between the temperatures. Reduction amongst Prandtl led to an increase speeds axial and horizontal. It is due to the increase of the thermal diffusivity.
